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Summary
Hypocalcin. the major hormone with hypocalcaemic action in fish, was isolated 
from trout corpuscles of Stannius (SCs). The bioactivity of hypocalcin was 
assessed in a parathyroid hormone (PTH) bioassay involving bone resorption in 
embryonic mouse calvaria. Calcium and phosphate release and lactate production 
were stimulated in a dose-dependent manner by hypocalcin. On a molar basis 
about equal amounts of hypocalcin and PTH were required to obtain similar 
effects in this assay. Hypocalcin did not stimulate cyclic AMP production either in 
mouse calvaria or in cultured osteoblasts. In this respect hypocalcin resembles 
shortened or ^/-terminus-modified PTH molecules that induce bone resorption 
without increasing cyclic AMP levels. Since hypocalcin and PTH have comparable 
bioactivity in this mammalian bioassay (as well as in fish bioassays), we tentatively 
suggest that both hormones are structurally similar and that both hormones may 
act via the same receptors. The two hormones show no resemblance to one 
another in primary structure, so we suggest that they have similarities in tertiary 
structure.
Introduction
C alc ium  h o m eo s ta s is  in te r re s t r ia l  v e r te b ra te s  largely d e p e n d s  on the ac t ions  o f  
p a ra th y ro id  h o r m o n e  ( P T H )  an d  v i tam in  D m e ta b o l i te s ,  which raise the  b lood  
calc ium c o n c e n t r a t io n ,  an d  of  the  h o r m o n e  ca lc i ton in ,  which  induces  a fall in the  
b lood  calc ium c o n c e n t ra t io n  ( A r n o u d ,  1983). F ish ,  like te r res t r ia l  v e r te b ra te s ,  
reg u la te  b lood  ca lc ium  levels efficiently. T h e  h o r m o n e s  involved  in fish calcium 
m e ta b o l i sm ,  h o w e v e r ,  d iffer  f rom  those  o f  the  te r res t r ia l  v e r te b ra te s .  C alc ium  
reg u la t io n  in fish is d o m in a te d  by the  h y p e rca lca em ic  ac t ion  of  p ro lac t in  o r  cortisol 
(Flik et al. 1986; Flik & Perry ,  1988) and  the  hy p o ca lcaem ic  ac t ion  o f  the  h o r m o n e  
f ro m  the  S tan n iu s  co rpusc les ,  hypocalc in  (W e n d e la a r  B o n g a  & P ang ,  1986). In 
fish, ca lc i ton in  seem s  o f  m in o r  im p o r ta n c e  as a ca lc ium -regu la t ing  fac to r  (Fein-
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bla t t ,  1982). R em o v a l  o f  the S tann iu s  co rpusc les  (SCs) results  in an increase  in the 
p la sm a  calc ium c o n c e n t r a t io n ,  th a t  m ay  be re v e rse d  by SC im p lan ts  o r  by 
in jec t ions  o f  SC ex trac ts  o r  hypoca lc in  (K e n y o n  eta l.  1980; P an g  etal.  1974; 
L a f e b e r  etal.  1988/?; H a n s s e n  eta l.  1989). H y p o ca lc in  iso la ted  f ro m  t ro u t  SCs 
(L a fe b e r  eta l.  1988tf) has  an /V-terminal a m in o  acid s e q u e n c e  which show s 
subs tan t ia l  s imilari ty  to the h y p o ca lcaem ic  p r inc ip le  o f  eel (B u tk u s  et al. 1987) and  
sa lm o n  (W a g n e r  et al. 1986).
A n t ig en ic  r e se m b la n c e  b e tw e e n  hypoca lc in  and  P T H  is in d ica ted  by c ross ­
reactiv i ty  o f  an t i se ra  ra ised  against  bov ine  P T H  ( b P T H )  with  a su b s tan ce  in eel 
b loo d  p la sm a  (M ile t  etal.  1982). This  im m u n o re a c t iv e  P T H -l ik e  su b s tan ce  
d isap p e a rs  f rom  the  b lo o d  a f te r  rem ova l  o f  the SCs ( s ta n n ie c to m y ,  S T X ).  
M o re o v e r ,  the  sam e  a n t i s e ru m  to b P T H  cross-reac ts  with  a su b s tan ce  in the  SCs of  
the eel and  this c ross-reac t iv i ty  d i sa p p e a rs  w h en  the g lands  are  s t im u la te d  to 
re lea se  the i r  p r e s u m e d  h y p o ca lcaem ic  p r inc ip le  by e x p e r im e n ta l ly  in d u ced  hyper-  
ca lcaem ia  (L o p e z  et al. 1984).
In jec t ions  o f  b o th  P T H  and  SC ex trac ts  d ec re a se  b lo o d  calc ium levels in fish 
( W e n d e la a r  B o n g a  et al. 1986) and  increase  b lo o d  ca lc ium  levels in the  ra t  (M ile t  
eta l.  1980). R ecen t ly ,  we r e p o r t e d  b iochem ica l  an d  his to logical  ev id en ce  fo r  a 
s imilari ty  in b ioactiv ity  of  SC p ro d u c ts  an d  o f  P T H .  P ro d u c ts  re lea sed  d u r in g  in 
vitro in c u b a t io n  of  the  SC in d u ced  b o n e  re so rp t io n  in e m b ry o n ic  m o u se  ca lvar ia  in 
vitro . in a way c o m p a ra b le  to P T H  (L a fe b e r  et al. 1986).
P T H -s t im u la te d  b o n e  re so rp t io n  d e p e n d s  on  the  activity  o f  o s teoc las ts  an d  
ev idence  is increasing; th a t  the i r  activity  is c o n t ro l led  via o s teob las ts .  P T H  is 
th o u g h t  to act d irec t ly  on the  o s teo b la s t ;  the  s u b s e q u e n t  s ignall ing f rom  o s teo b la s t  
to os teoc las t  m ay  resu lt  in b o n e  r e so rp t io n  (P e r ry  eta l.  1987; R o d a n  & M a r t in ,  
1981). P T H  activity m ay ,  th e re fo re ,  be m e a s u re d  by the  activity o f  o s teob las ts .  
Cyclic A M P  has long b e e n  co n s id e re d  the  m os t  im p o r ta n t  second  m e s s e n g e r  fo r  
the ac t ion  o f  P T H  on o s teo b la s ts  (C h ase  & A u r b a c h ,  1970; H e r r m a n n - E r l e e  & 
K onijn ,  1970). H o w e v e r ,  as or ig inally  sugges ted  by R a sm u sse n  & T e n e n h o u s e
mr W  v
(1968), ev idence  is increas ing  th a t  C a 24 also fulfils a s eco n d  m e s s e n g e r  func t ion  
( H e r r m a n n - E r l e e  et al. 1983, 1977; R a s m u ss e n  & B a r re t ,  1984; Low ik  et al. 1985). 
A c t iv a t io n  o f  e i th e r  second  m e sse n g e r  p a th w a y  se p a ra te ly  m ay  resu lt  in b o n e  
re so rp t io n  ( H e r r m a n n - E r l e e  et al. 1983).
W e r e p o r t  he re  on  the  effects  of  t ro u t  hypoca lc in  in a P T H  b ioassay  involving 
b o n e  re so rp t io n  in e m b ry o n ic  m o u se  calvaria .  W e show  th a t  hypoca lc in  is the  
b o n e - re s o rb in g  c o m p o n e n t  in an SC tissue h o m o g e n a te .  H ypoca lc in  is show n  to 
s t im u la te  b o n e  re so rp t io n  in d e p e n d e n t ly  o f  cyclic A M P  p ro d u c t io n .
M a te r ia ls  an d  m e th o d s
Isolation procedure
Iso la t ion  of  hypocalc in  f rom  ra in b o w  t ro u t  (Salm o gairdneri) was p e r f o r m e d  by 
co n c a n a v a l in -A  S ep h a ro se -4 B  affinity c h r o m a to g ra p h y  as d e sc r ib ed  in detail  
e lsew h ere  (L a fe b e r  et al. 1988c/). In sh o r t ,  a p p ro x im a te ly  100 mg o f  lyophil ized  SC
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t issue (400 mg w et  m ass  o b ta in e d  f rom  40 kg o f  t ro u t )  was h o m o g e n iz e d  and
app l ied  to  a co lu m n .  P ro d u c ts  w i th o u t  affinity for c o n c a n a v a l in -A  are  r e fe r re d  to
as res idue  p ro te in s .  M a te r ia l  with affinity for co n c an av a l in -A  is r e fe r re d  to as
hypoca lc in .  A t  least 9 8 %  of  p ro te in  in this f rac t ion  was p u re  hypoca lc in .  S od iu m
i _____
d o d e c y lsu lp h a te  p o ly ac ry lam ide  gel e le c t ro p h o re s i s  ( S D S - P A G E ;  L a e m m li ,  
1970), in c o m b in a t io n  with a silver s ta in ing  p ro c e d u re  (M orr issey ,  1981), was 
rou t ine ly  p e r fo r m e d  as a pu r i ty  check .
H orm one  administration
Bovine  P T H  ( b P T H )  was p u rc h a s e d  f rom  Sigm a ( T C A  p o w d e r )  an d  d isso lved  in 
0-005 m o l l -1 acetic  acid co n ta in in g  1 %  P en tex  a lb u m in .  So lu t ions  of  l i . u . a P 1C? I
w ere  s to re d  in l iquid n i t ro g en .  Im m e d ia te ly  b e fo re  use,  b P T H  was d i lu ted  to  the  
des ired  c o n c e n t r a t io n  with cu l tu re  m e d iu m .  N o  d if fe rences  w ere  o b se rv e d  
b e tw e e n  the  b o n e - re s o rb in g  effect  o f  this b P T H  a n d  syn the t ic  b P T H ( l - 3 4 ) .  D oses  
a re  e x p re s se d  in i .u. p e r  ml of  ca lv a r ium  cu l tu re  m e d iu m .
A p p ro x im a te ly  100 mg dry  m ass  of  SC y ie lded  3-0 ±  0-3 mg o f  purif ied  h y p o c a l ­
cin and  4-5 ± 0 * 1  m g o f  res idue  p ro te in s .  T h e  a m o u n t  of  hypocalc in  th a t  was a d d e d  
to the  ca lvar ia  cu l tu res  is ex p re ssed  in m g of  B S A  eq u iv a len ts  p e r  ml o f  ca lva r ium  
cu l tu re  m e d iu m .  In a c c o rd an ce  with  the  ra t io  of  hypoca lc in  and  res idue  p ro te in s  
o b ta in e d  a f te r  iso la t ion  ( 2 /3 ) ,  5 0 %  m o re  res idue  p ro te in  th an  hypocalc in  was 
always a d d e d  in the  assays.
Calvarium culture technique
C alvar ia  w ere  r e m o v e d  f rom  18-day-old m o u se  e m b ry o s  and  each  ca lvar ium  was 
b isec ted .  T h e  left ha lf  o f  on e  ca lva r ium  and  the r ight  ha lf  o f  a s eco n d  one  o r  vice 
versa w e re  fixed in a ro l le r  tube  co n ta in in g  1 ml o f  cu l tu re  m e d iu m  ( H e r r m a n n -  
E r le e  eta l.  1972). T h e  cu l tu re  m e d iu m  cons is ted  o f  9 0 %  H a n k s '  b a lan ce d  salt 
so lu t ion  ( H a n k s '  BSS) a n d  1 0 %  h ea t - in ac t iv a ted  h u m a n  se ru m .  A f te r  2 4 h of 
in cu b a t io n  at 37 °C, ca lvaria  w ere  r e m o v e d  f rom  the  in cu b a t io n  m e d iu m .  T h e  
m e d iu m  was su b se q u e n t ly  ana lysed  fo r  ca lc ium , p h o s p h a te  and  lac ta te .
Cyclic A M P  production
F o r  m e a s u r e m e n ts  o f  the  cyc l ic -A M P -s t im u la t ing  activity o f  P T H  an d  of  
hypoca lc in ,  m o u se  ca lvar ia  w ere  in c u b a te d  in H a n k s '  BSS co n ta in in g  0 - 5 %  
P en tex  a lb u m in .  A f t e r  a 15-min in cu b a t io n  at 3 7 °C, calvarial  cyclic A M P  was 
e x t ra c te d  by u l t ra so n ica t io n  in p ro p a n o l ,  and  m e a s u r e d  using a p h o s p h o d ie s t e r ­
ase -b ind ing  assay acco rd in g  to  Lust  et al. (1976). R esu l ts  are  p re s e n te d  in p m o l  of  
cyclic A M P  p e r  tw o ca lva r ium  halves  p ro d u c e d  p e r  15m in .
C y c l ic -A M P -s t im u la t in g  activity was also m e a s u re d  in c u l tu re d  ch icken  O B -  
cells. T o  p o te n t ia te  cyclic A M P  p ro d u c t io n ,  the  a d e n y la te  cyclase ac t iv a to r  
fo rskolin  (10_ 7 m o l l _1) was a d d e d .  T h e  p h o s p h o d ie s te ra s e  inh ib i to r  m ethy l-  
i so b u ty lx an th in e  (M IX ;  0*22 m g m l - 1 ; S igm a)  was a d d e d  to p re v e n t  b r e a k d o w n  of  
the cyclic A M P  p ro d u c e d .  Cells w ere  iso la ted  an d  c u l tu re d  as d esc r ib ed  e lsew here  
( H e r r m a n n - E r l e e  et a i  1983). T h e  D N A  c o n te n t  o f  the  cell cu l tu res  was
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d e te r m in e d  acco rd ing  to K a rs te n  & W o l le n b e rg e r  (1977). R esu l ts  are  ex p ressed  in 
pm o l  o f  cyclic A M P  p e r  tug o f  D N A  p e r  15m in .
Analytical m ethods
T h e  to ta l  calcium c o n te n t  o f  the  m e d iu m  was d e te rm in e d  with  a co m m erc ia l  
ca lc ium  kit (S igm a).  In o rg an ic  p h o s p h a te  was m e a s u re d  acco rd ing  to  the  m e th o d  
o f  Delsal  & M a n h o u r in  (1958). C o m b in e d  c a lc iu m /p h o s p h o r u s  s ta n d a rd s  (S igm a) 
w ere  used  as a re fe ren ce .  T h e  lac ta te  c o n c e n t ra t io n  of  the  m e d iu m  was m e a s u r e d  
as d esc r ib ed  by L ow ry  et al. (1964) using an a u to a n a ly s e r  m e th o d  ( H e k k e lm a n  
et al. 1974). L i th iu m  lac ta te  (S igm a) was used  as re fe ren ce .  R esu l ts  a re  ex p re ssed  
in //mol o f  lac ta te  p e r  tw o  ca lva r ium  halves ,  c u l tu re d  for 24 h. T h e  p ro te in  c o n te n t  
o f  the  iso la ted  f rac t ions  was d e te rm in e d  with a co m m erc ia l  p ro te in  kit (B io ra d )  
using bov ine  s e ru m  a lb u m in  (B S A )  as re fe ren ce .
Statistical analysis
Statistical ev a lu a t io n  was p e r fo rm e d  by S tu d e n t ' s  f-test (o n e - ta i led ) .  Signifi­
cance  was accep ted  at P < 0 * 0 5 .  M e a n  values  ±  s . e . m .  a re  given.
Results
Bone demineralization
T h e  effects  o f  hypoca lc in ,  the  re s id u e  p ro te in s  and  b P T H  on ca lc ium and
p h o s p h a te  re lease  f ro m  m o u se  ca lvar ía  a re  show n  in Fig. 1. Fig. 1A show s th a t
hypoca lc in  a n d  PTF1 s t im u la te  ca lc ium  re lease  in a d o s e - d e p e n d e n t  m a n n e r .  T h e
re sp o n se  to b o th  h o r m o n e s  was q u an t i ta t iv e ly  c o m p a ra b le  for  1 -1 0 0  jUgml- 1
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hypoca lc in  and  10“ ' ' - 1 0 “ i.u. m l -  P T H .  T h e  re s idue  p ro te in s  w ere  w i th o u t  
effect.  S imilar  results  w ere  fo u n d  for  p h o s p h a te  re lease  (Fig. IB ) .  T ak in g  0*1 mg 
o f  hypocalc in  and  0*1 i .u .  o f  P T H  to be e q u ip o te n t ,  no  significant d i f fe rences  
b e tw e e n  the d eg ree  o f  s t im u la t io n  by hypocalc in  o r  by P T H  for  b o th  p a r a m e te r s  
cou ld  be o b se rv ed .  O v e r  the  dose  range  used for  hypocalc in  and  P T H ,  the 
re sp o n se  curves  ov e r lap  co m p le te ly  (Fig. 1 A ,B ) .
A  tissue h o m o g e n a te  o f  100 m g  o f  t ro u t  SC co n ta in s  b ioactiv i ty  e q u iv a le n t  to
1 i.u. o f  P T H  (L a fe b e r  et al. 1986). T h e  a m o u n t  o f  p ro te in  in a tissue ex trac t  o f  
100m g of  t ro u t  SC is 4-5 ±  1*6m g (N  = 16). T h e r e f o r e ,  the  specific activity of  a 
c rude  tissue ex trac t  ( S A cxt) can be ex p ressed  as 1 i.u. o f  P T H  activity p e r  4*5 m g  of 
tissue ex trac t  p ro te in  ( S A exl =  1/4*5 =  0-22 i.u. P T H  m g ” 1 p ro te in ) .  T h e  specific 
activity o f  purif ied  hypoca lc in  ( S A hyp) is 1-00 i.u. P T H  m g ” 1 p ro te in .  A c c o rd in g  to 
this b o n e  re so rp t io n  assay th e n ,  the  purif ica t ion  fac to r  for hypoca lc in  ( S A cxl 
S A hyp) is 1 *00/0-22 o r  4*5.
Lactate production
T h e  effects  of  hypoca lc in ,  res idue  p ro te in s  and  b P T H  on lac ta te  p ro d u c t io n  in 
m o u se  calvaria  are show n in Fig. 2. D o ses  of  hypocalc in  an d  P T H  th a t  gave
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Fig. 1. ( A )  Effects of hypocalcin ( • ) ,  residue proteins (O) and bovine PTH (À )  on 
calcium release from two calvarium halves, cultured for 24 h. Mean values +s.e.m. are 
given (hypocalcin and residue proteins, N = S\ PTH, N  = 4). (B) Effects of hypocalcin, 
residue proteins and bovine PTH on phosphate release from two calvarium halves, 
cultured for 2 4 h. Mean values -fs.e.m. are given (hypocalcin and residue proteins, 
N  = 8; PTH, N  = 4).
c o m p a ra b le  re sp o n ses  w hen  ana ly sed  for  ca lc ium  and  p h o s p h a te  re lease ,  also gave 
a c o m p a ra b le  s t im u la t ion  o f  lac ta te  p ro d u c t io n .  T ak in g  the  S A  o f  hypocalc in  
ca lcu la ted  ab o v e  on  the  basis o f  ca lc ium  and  p h o s p h a te  re lease  ( l - 0 0 i . u . P T H  
activity m g"  1 hypoca lc in ) ,  we fo u n d  s im ilar  d o s e - r e s p o n s e  curves  for hypocalc in  
an d  P T H  with respec t  to lac ta te  p ro d u c t io n .  R e s id u e  p ro te in s ,  which did not  
s t im u la te  re lease  of  ca lc ium  an d  p h o s p h a te  f rom  b o n e ,  s t im u la te d  lacta te  
p ro d u c t io n  significantly and  in a d o s e -d e p e n d e n t  m a n n e r .
Cyclic A M P  production
T able  1 show s tha t  SC tissue ex t rac t ,  re s idue  p ro te in s  an d  hypoca lc in  have no 
effect on  cyclic A M P  p ro d u c t io n  in m o u se  ca lvaría ,  w h e re a s  P T H  does  s t im u la te  
cyclic A M P  p ro d u c t io n .  A lso ,  hypoca lc in  was unab le  to s t im u la te  cyclic A M P  
p ro d u c t io n  in O B -l ike  cells (b o th  in the  p re sen ce  and  in the  ab sen ce  o f  fo rsko l in ) .  
P T H  (0-05 i .u .)  gave a significant s t im u la t io n  o f  cyclic A M P  p ro d u c t io n  in these  
cells and  its effect  was p o te n t i a te d  by fo rsko lin  (9 ±  1 a n d  114 ±  21 pm ol cyclic
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Fig. 2. Effects of hypocalcin ( • ) ,  residue proteins (O) and bovine PTH ( À ) on lactate 
production of two calvarium halves, cultured for 24 h. Mean values + s . e . m .  are given 
(hypocalcin and residue proteins, N  = 8; PTH, N  = 4).
Table  1. Effects o f  S C  crude tissue hom ogenates , hypocalcin , residue protein and  
P T H  on cyclic A M P  production in m ouse calvaria
(pm ol/two calvarium halves)
Control 1-4 ± 0 -6  (7)
PTH (0-25 i.u. ml“ 1) 50 ± 1 1  (7)*
(0-5 i.u. m l" 1) 180 ±  8 (7)*
SC tissue extract (5 mg ml-1 ) 2-1 ±  1*2 (3)
SC tissue extract (5 m g m l- l ) + 1-4 ±3-2 (3)
K r ' m o i r 1 forskolin
Hypocalcin (500//gm l-1 ) —1*1 ± 1*3 (9)
Residue proteins (600/jgml-1 ) 2-1 ±  1-8 (6)
Calvaria were incubated for lOmin.
Mean values ±  s . e . m .  are given with the number of observations in parentheses. 
Asterisks indicate statistical significance (P<0*05).
A M P / / g _1 D N A ,  respec t ive ly ) .  N o  significant s t im u la t ion  o f  cyclic A M P  p r o ­
duc t ion  by hypoca lc in  was fo u n d .
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Discussion
F r o m  the  d a ta  p r e s e n te d  in this p a p e r  we conc lude  th a t  hypoca lc in  is the  b o n e -  
re so rb in g  c o m p o n e n t  o f  the  SC tissue ex t rac t  an d  th a t  hypoca lc in  s t im u la te s  b o n e  
re so rp t io n  in a P T H -l ik e  fash ion .  T w o  p a r a m e te r s  cha rac te r is t ic  o f  P T H - in d u c e d  
b o n e  r e s o rp t io n ,  c a l c iu m /p h o s p h a t e  re lease  and  lac ta te  p ro d u c t io n ,  are  s t im u ­
la ted  in a d o s e - d e p e n d e n t  m a n n e r  by hypocalc in .
W e have  p rev ious ly  r e p o r te d  th a t  ra in b o w  t ro u t  S tan n iu s  co rpusc les  (SCs) 
p ro d u c e  and  sec re te  a p ro d u c t  th a t  re sem b le s  P T H  in its b o n e - re s o rb in g  effect  in 
m o u se  ca lvar ia  (L a fe b e r  et cii 1986). T h e  o b se rv a t io n s  p r e s e n te d  h e re  su b s tan t ia te  
and  e x te n d  o u r  p rev ious  r e p o r t  an d  show  th a t  a single p ro d u c t  in an SC ex trac t ,  the  
g lycop ro te in  hypoca lc in ,  is re sp o n s ib le  fo r  the  P T H -l ik e  b o n e - re s o rb in g  activity.
T h e  4*5-fold pur if ica t ion  ca lcu la ted  f ro m  the  b o n e  re so rp t io n  assay is in g o o d  
a g r e e m e n t  with the  fou rfo ld  purif ica t ion  th a t  we ca lcu la ted  f rom  a fish b ioassay  
involving ca lcaem ic  re sp o n ses  in eels (L a fe b e r  et a i  1988/?). T h e  low purif ica t ion  
fac to r  ind ica tes  th a t  the  SCs s to re  an a b u n d a n c e  of  hypoca lc in .  T h e  high d eg ree  of  
g ra n u la t io n  o f  the  hypoca lc in -con ta in ing  cells o f  f r e sh w a te r  fish (L a fe b e r  et al. 
1986) is co ns is ten t  with  this no t ion .
T h e  activity o f  1 mg o f  hypoca lc in  ( l* 8 5 x  1CTS mol)  is eq u iv a le n t  to the  activity 
o f  l i . u .  o f  P T H  (a p p ro x  . 4 x  10 ,sm ol) .  O n  a m o la r  basis ,  th e n ,  a b o u t  equa l  
a m o u n t s  o f  hypoca lc in  an d  P T H  w ere  n e e d e d  to  o b ta in  a s imilar  b o n e - re s o rb in g  
effect  in m o u se  calvaria .  A l th o u g h  hypocalc in  seem s  r a th e r  p o te n t  in this 
h e te ro lo g o u s  P T H  b ioassay ,  P T H  p ro v e d  to be as p o te n t  in an in vivo  fish 
b ioassay ;  we ca lcu la ted  th a t  e q u im o la r  a m o u n ts  o f  hypoca lc in  and  P T H  have 
s im ilar  h y p o ca lcaem ic  effects  in eel (L a fe b e r  et al. 1988b). A p p a re n t ly ,  bo th  
hypoca lc in  and  P T H  can  e v o k e  physiological  re sp o n ses  in a m a m m a l ia n  an d  a fish 
b ioassay .  W e ten ta t ive ly  c o n c lu d e ,  th e re fo re ,  th a t  b o th  ca lc i tropic  h o r m o n e s  can 
ac t iva te  P T H - d e p e n d e n t  as well as h y p o c a lc in -d e p e n d e n t  ta rge ts .
H ypoca lc in  is able  to  increase  lac ta te  p ro d u c t io n  in m o u se  calvaria .  L ac ta te  
p ro d u c t io n  m ay  serve as a p a r a m e te r  for  P T H - in d u c e d  b o n e  re so rp t io n  since 
P T H - in d u c e d  b o n e  re so rp t io n  is a lways co u p led  to lac ta te  p ro d u c t io n  ( H e r r m a n n -  
E r lee  et al. 1972; H e r r m a n n - E r l e e  & V an  d e r  M e e r ,  1974). P T H  f ra g m e n ts  
r e p o r t e d  to in d u ce  b o n e  re so rp t io n  ( H e r r m a n n - E r l e e  et al. 1983) also induce  
lac ta te  p ro d u c t io n  (L ow ik  et al. 1984). R es id u e  p ro te in s ,  w hich  w ere  no t  ab le  to 
induce  ca lc ium  a n d  p h o s p h a te  re lease ,  w ere  also ab le  to s t im u la te  lacta te  
p ro d u c t io n  in a d o s e - d e p e n d e n t  way. This  suggests  th a t  res idue  p ro te in s  co n ta in  a 
fac to r  which is ab le  to  e n h a n c e  calvarial  m e tab o l ism  w i th o u t  inc reas ing  b o n e  
re so rp t io n .  T h e se  o b se rv a t io n s  c o r r o b o r a te  o u r  p rev ious  results  w h e re  we sh o w ed  
th a t  an SC tissue ex t rac t  co n ta in s  two p ro d u c ts  th a t  can s t im u la te  lac ta te  
p ro d u c t io n :  a fac to r  th a t  s t im u la tes  b o n e  re so rp t io n  and  one  th a t  d oes  no t
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(L a fe b e r  et al. 1986). A l th o u g h  P T H - in d u c e d  b o n e  re so rp t io n  is a lways co u p led  to 
lac ta te  p ro d u c t io n ,  lac ta te  p ro d u c t io n  is n o t  necessar i ly  c o u p le d  to b o n e  r e s o r p ­
tion ( H e r r m a n n - E r l e e  & V an  d e r  M e e r ,  1974). T h e r e f o r e ,  lac ta te  p ro d u c t io n  
per sc is no t  a su i tab le  p a r a m e te r  fo r  assessing  b o n e - re s o rb in g  activity.
A l th o u g h  cyclic A M P  is r e p o r t e d  to  be an im p o r ta n t  s eco n d  m e s s e n g e r  for the 
b o n e - re s o rb in g  activity o f  P T H ,  hypocalc in  was,  in co n t ra s t  to  P T H  an d  desp i te  its 
P T H -l ik e  b o n e - re s o rb in g  effects ,  not  ab le  to  inc rease  cyclic A M P  p ro d u c t io n .  
H o w e v e r ,  it has  b een  d e m o n s t r a t e d  tha t  the  b o n e - r e s o rb in g  effect  o f  P T H  is no t  
fully d e p e n d e n t  on cyclic A M P  as a seco n d  m essen g e r .  P T H  f ra g m e n ts  m odif ied  o r  
s h o r t e n e d  at the  /V-terminus induce  b o n e  re so rp t io n  w i th o u t  inc reas ing  cyclic 
A M P  levels ( H e r r m a n n - E r l e e  et al. 1983). W e th e re fo re  suggest  th a t  hypoca lc in  
re sem b les  P T H  b u t  lacks, as do  the P T H  f ra g m e n ts ,  the  p a r t  o f  the m o lecu le  th a t  is 
essentia l  fo r  cyclic A M P  p ro d u c t io n .
We have show n  b e fo re  th a t  the  active pr inc ip le  o f  the  SCs s t im u la te s  os teoc las t ic  
activity, as d o es  P T H .  F u r th e r m o r e ,  the  b o n e - re s o rb in g  effects  o f  bo th  su b s tan ces  
a p p e a r e d  to be e x e r te d  via the  sam e  p a th w a y ,  since no  add i t ive  effect was 
o b se rv e d  w h en  m a x im u m  s t im u la t ing  c o n c e n t ra t io n s  of  the  active SC pr inc ip le  and  
P T H  w ere  te s ted  to g e th e r  (L a fe b e r  et al. 1986). O n  the basis o f  these  results  and  
the  s imilari t ies  in b ioactiv itv  o f  hypoca lc in  and  P T H  ( /V - te rm ina l-sho r tened  
f rag m en ts )  in the  P T H  b ioassay  r e p o r t e d  in this p a p e r ,  we h y p o thes ize  th a t  bo th  
h o rm o n e s  act via the  sam e  recep to r .
If we a ssu m e  th a t  b o th  h o r m o n e s  act via the  sam e  re c e p to r ,  th en  hypoca lc in  
shou ld  s t im u la te  b o n e  re so rp t io n  via ch an g es  in cytosolic  C a 2+ c o n c e n t r a t io n ,  as 
has b e e n  show n  fo r  s h o r t e n e d  P T H  f ra g m e n ts  (L ow ik  et al. 1985). U n fo r tu n a te ly ,  
tests  on  the effects  o f  hypoca lc in  on  Ca~+ influx in O B -l ik e  cells using the  Q u in -2  
f luorescence  m e th o d  (L ow ik  et al. 1985) w ere  unsuccessful  b ecau se  o f  a high and  
in te r fe r ing  au to f lu o re scen ce  o f  hypoca lc in .  O u r  f o r m e r  o b s e rv a t io n ,  h o w e v e r ,  
tha t  hypoca lc in  increases  the n u m b e r  o f  o s teoc las ts  in m o u se  ca lvar ia  (L a fe b e r  
et al. 1986) -  the  increase  in os teoc las ts  is k n o w n  to  be  m e d ia te d  by C a 2 + as a
w
second  m e sse n g e r  ( H e r r m a n n - E r l e e  et al. 1988) -  gives ind irec t  ev id en ce  tha t  
hypoca lc in  induces  C a “4 influx in b o n e  cells. In this respec t  hypoca lc in  m ay  be a 
useful tool to inves t iga te  f u r th e r  the  tw o  b in d in g  sites o f  the P T H  re c e p to r  and  the 
re la t ive  c o n t r ib u t io n  o f  bo th  second  m essen g e rs  to  the  P T H - in d u c e d  b o n e -  
re so rb in g  activity ( H e r r m a n n - E r l e e  et al. 1988).
P ro s tag lan d in s  (K lein  & Raisz ,  1970; M a c D o n a ld ,  1986) and  severa l  P T H -l ike  
t u m o u r  fac to rs  (M u n d y  et al. 1984) m ay  induce  b o n e  re so rp t io n  w i th o u t  ac t iva t ing  
the P T H  rece p to r .  O n e  could  a rg u e ,  th e n ,  tha t  the  b o n e - r e s o rb in g  activity o f  
hypoca lc in  cou ld  also resu lt  f rom  the  ac t iva t ion  o f  a p a th w a y  d i f fe ren t  f rom  the 
one  ac t iva ted  by P T H .  H o w e v e r ,  o u r  o b se rv a t io n s  fa v o u r  a c o m m o n  r e c e p to r  
second  m e sse n g e r  p a th w a y  for  hypoca lc in  an d  P T H .  T h e  s imilari ty  b e tw e e n  P T H  
and  hypocalc in  is no t  re s t r ic ted  to  P T H -l ike  b o n e - re s o rb in g  activity in vitro. SC 
tissue ex trac ts  have b een  r e p o r te d  to exer t  h y p e rca lcaem ic  effects  in rats  (M ile t  
et al. 1980). In c o n t ra s t ,  P T H  and  hypoca lc in  have b e e n  r e p o r te d  to exe r t  
hy p o ca lcaem ic  effects  in in tac t  fish ( W e n d e la a r  B o n g a  et al. 1986). W e have
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recen t ly  show n  th a t  b o th  P T H  and  hypoca lc in  c o u n te ra c t  the  d e v e lo p m e n t  of  
h y p e rc a lc a e m ia  in s ta n n ie c to m iz e d  eels (L a fe b e r  et cil. 1988b).
T h e  s imilari ty  in b ioact iv i ty  seem s ,  at first s ight,  in co m p a t ib le  with  the  lack o f  
s imilari ty  in p r im ary  s t ru c tu re  b e tw e e n  hypoca lc in  and  P T H .  A l th o u g h  im m u n o -  
cross-react iv i ty  has  b e e n  r e p o r t e d  b e tw e e n  so m e  P T H  an t ise ra  and  the p ro d u c ts  
re lea sed  by the  SC (M ile t  et al. 1982), the  a m in o  acid s e q u e n c e  o f  hypocalc in  
(L a fe b e r  et al. 1988^7; B u tk u s  et al. 1987; W a g n e r  et al. 1986) show s no  similarity  
with th a t  of  P T H  (o r  any  o th e r  k n o w n  p ep t id e ) .  F u r th e r m o r e ,  w h e re a s  P T H  is a 
p e p t id e ,  hypoca lc in  is a g ly co p ro te in ,  possibly  c o m p o s e d  o f  two subun i ts  (L a fe b e r  
et al. 1988rt). W e p o s tu la te ,  th e re fo re ,  th a t  these  h o r m o n e s  part ia l ly  re se m b le  each  
o th e r  no t  in the i r  p r im a ry  s t ru c tu re  b u t  in the ir  th re e -d im e n s io n a l  conf igura t ion .  
Th is  w ou ld  be a p laus ib le  e x p la n a t io n  for  the  im m uno log ica l  s imilari t ies  as well as 
for  the  s imilari t ies  in b ioact iv i ty  of  these  h o rm o n e s  in h o m o lo g o u s  and  h e t e r ­
o lo gous  b ioassays.
T h e  a u th o r s  th a n k  D r  N. M a y e r  G o s ta n  (L a b o ra to i r e  J e a n  M e a tz ,  V i l le f ranche-  
su r -M e r ,  F ra n c e )  for  the  g e n e ro u s  gift o f  t ro u t  S tann iu s  corpusc les .  W e th a n k  
H e r m a n  S ch ae fe r  an d  J o k e  van d e r  M e e r  for  skilful ass is tance  du r in g  the 
e x p e r im e n ts .  This  s tudy  was s u p p o r te d  by the  F o u n d a t io n  of  F u n d a m e n ta l  
Biological R e s e a rc h  ( B I O N ) ,  which  is subsid ized  by the  D u tc h  O rg a n iz a t io n  for 
the  A d v a n c e m e n t  of  P u re  R e se a rc h  (N W O ) .
References
A r n o u d ,  S. D. (1983). Hormonal regulation of calcium homeostasis. In Assay o f  Calcium 
Regulating Hormones (ed. D. D. Bikle), p. I. New York: Springer-Verlag.
B u t k u s ,  A., R o c h e ,  P. J., F e r n l e y ,  R. T . ,  H a r a l a m b i d i s ,  J., P e n s c h o w ,  J. D., R y a n ,  G. B . ,  
T r a i h a i r ,  J. F .  & C o g h l a n ,  J. P .  ( 1987). Purification and cloning of a corpuscles of Stannius 
protein from Anguilla australis. Molec. cell. Enclocr. 54, 123-128.
C h a s e ,  L .  R. & A u r b a c h ,  G. D. (1970). The effect of parathyroid hormone on the 
concentration of adenosine 3 '-5 'monophosphate in skeletal tissue in vitro. J. biol. Chem. 245,
1520-1526.
D e l s a l ,  S. L. & M a n h o u r i n ,  H. (1958). Etude comparative des dosages colorimétriques du 
phosphore. IV. Dosage de Torthophosphate en présence d'esters phosphoriques. Bull. Soc. 
Biol., Paris 40, 1623-1626.
F e i n b l a t t ,  J. D. (1982). The comparative physiology of calcium regulation in submammalian 
vertebrates. In Advances in Comparative Physiology and Biochemistry, vol. 8. (ed. O. 
Lowenstein), pp. 74-97. New York: Academic Press.
F l i k ,  G., F e n w i c k ,  J. C., K o l a r ,  Z. & W e n d e l a a r  B o n g a ,  S. E. (1986). Effects of ovine 
prolactin on calcium uptake and distribution in Oreochromis mossambicus. Am. J. Physiol. 
250, R161-R166.
F l i k ,  G .  &  P e r r y ,  S.  F .  ( 1989) .  Cortisol stimulates whole body calcium uptake and the branchial 
calcium pump in freshwater rainbow t r o u t . ./. Endocr. 120, 7 5 - 8 2 .
H a n s s e n ,  R. G. J. M., L a f e b e r ,  F .  P .  J. G .,  F l i k ,  G. & W e n d e l a a r  B o n g a ,  S. E. (1989). Ionic 
and total calcium levels in the blood of the European eel (Anguilla anguilla): effects of 
stanniectomv and hypocalcin replacement therapy. J. exp. Biol. 141, 177-186.
H e k k e l m a n ,  J. W., V a n  d e r  V o o r t - D u i n d a m ,  C. J. M. & D i B o n ,  A. (1974). Metabolism of 
bone cells in a superfusion system. II. Hormone effects on the production of lactate by rat 
calvaria. Kon. Ned. Acad. Wetensch. C77, 182-186.
H e r r m a n n - E r l e e ,  M. P. M., G a i l l a r d ,  P. J.,  H e k k e l m a n ,  J. W. & N i j w e i d e ,  P. J. (1977). The
174 F. P. J. G. L a f e b e r  a n d  o t h e r s
effect of verapramil on the action of parathyroid hormone on embryonic bone in vitro. Eitr. J. 
Pharm. 46. 51-58.
H e r r m a n n - E r i . e e .  M. P. M. & K o n k i n ,  T. M. (1970). Effects of parathyroid extracts on cyclic 
AMP content of embryonic mouse calvaria. Nature, Loud. 227. 177-179.
H e r r m a n n - E r i . e e .  M. P. M., N i j w e i d e ,  P. J.,  V a n  d e r  M e e r .  J. M .  &  O o m s ,  M .  A. C. (1983). 
Action of bovine PTH and bovine PTH fragments on embryonic bone in vitro: dissociation of 
the cyclic AM P and bone resorbing response. Calcif. Tiss. 35, 70-77.
H e r r m a n n - E r l e e ,  M. P. M. & V a n  d e r  M e e r ,  J. M. (1974). The effect of dibutyryl cyclic AMP, 
aminophvlline and propanolol on PTE-induced bone resorption in vitro. Endocrinology 94, 
424-434.’
H e r r m a n n - E r l e e ,  M. P. M . .  V a n  d e r  M e e r .  J. M . ,  L o w i k ,  C. W. G. M . ,  V a n  L e e u w e n ,  J. P./  /  /  /  /  /  /
T. M. & B o o n e k a m p ,  P. M. (1988). Different roles for calcium and cyclic AM P in the action of 
PTH: studies in bone explants and isolated bone cells. Bone (in press).
H e r r m a n n - E r l e e ,  M. P. M., V a n  Z u y l e n ,  J. G. S. & H e k k e l m a n .  J. W. (1972). Studies on the 
interrelationships of various parathyroid hormone effects on embryonic bone in vitro. In 
Proceedings o f  the Fourth Parathyroid Conference, (ed. R. V .  Talmage & P. L. Munson), 
pp. 463-466. Amsterdam: Excerpta Medica Foundation.
K a r s t e n .  K .  &. W o l l e n b e r g e r .  A. (1977). Improvements in the ethidium bromide method for 
the direct fluorimetric estimation of DNA and RNA in cell and tissue homogenates. Analyt. 
Biochein. 77. 464-467.
K e n y o n ,  C .  J . ,  C h e s t e r  J o n e s ,  1. & D i x o n ,  R .  N .  B .  (1980). Acute effects of the freshwater eel 
{Anguilla anguilla) on extracts of the corpuscles of Stannius opposing the effects of 
stanniosomatiectomy. Gen. comp. Endocr. 41, 531-538.
K l e i n ,  D. C. & R a i s z ,  L. G. (1970). Prostaglandins: stimulation of bone resorption in tissue 
culture. Endocrinology 80, 1436-1440.
L a e m m l i ,  U. K. (1970). Cleavage of structural proteins during the assembly of the head of the 
bacteriophage T4. Nature, Loud. 227. 680-684.
L a f e b e r .  F .  P .  J .  G., H a n s s e n ,  R. G. J .  M., C h o y ,  Y .  M., F l i k ,  G., H e r r m a n n - E r l e e ,  M. P .  
M., P a n g ,  P.  K. T. & W e n d e l a a r  B o n g a ,  S. E .  (1988</). Identification of hypocalcin 
(teleocalcin) isolated from trout Stannius corpuscles. Gen. comp. Endocr. 69, 19-30.
L a f e b e r ,  F .  P. J. G . ,  H a n s s e n ,  R .  C j .  J. M .  & W e n d e l a a r  B o n c . a ,  S .  E .  (19SSb). 
Hypocalcaemic activity of trout hypocalcin and bovine parathyroid hormone in 
stanniecomized eels. ./. exp. Biol. 140, 199-208.
L a f e b e r .  F. P. J. G .,  S c h a e f e r ,  H .  I.  M. B . ,  H e r r m a n n - E r l e e ,  M. P. M. & W e n d e l a a r  
B o n g a ,  S. E .  (1986). Parathyroid hormone-like effects of rainbow trout Stannius products on 
bone resorption of embryonic mouse calvaria in vitro. Endocrinology 119. 2249-2255.
L o p e z , E . .  T i s s e r a n d - J o c h e m . E . ,  E y q u e m , A . ,  M i l e t , C . .  H i l l y a r d , C . ,  L a l l i e r , F . ,  V i d a l ,
B. & M a c I n t y r e ,  I. (1984). Immunocytochemical detection in eel corpuscles of Stannius of a 
mammalian parathyroid-like hormone. Gen. comp. Endocr. 52. 28-36.
L o w r y .  O. H . .  P a s s o n n e a u ,  J. K., H a s s e l b e r g e r ,  F. X. & S c h u l z ,  D. W .  (1964). Effects of 
ischemia, unknown substrates, and cofactors of the «lvcolvtic pathway in b ra in . ./. biol. Chem. 
239,18-21.
L o w i k ,  G. W .  G. M . ,  V a n  L e e u w e n ,  J. P. T. M . ,  V a n  d e r  M e e r ,  J. M . ,  V a n  Z e e l a n d ,  J. K., 
S c h e e v e n ,  B. A .  A .  & H e r r m a n n - E r l e e .  M .  P. M .  (1985). A  two receptor model for the 
action of parathyroid hormone on osteoblasts: a role for intracellular calcium and cyclic A M P .  
Cell Calcium 6, 311-316.
L o w i k .  C. W .  G .  M . ,  V a n  Z e e l a n d ,  J. K., V a n  d e r  M e e r ,  J. M .  &. H e r r m a n n - E r l e e ,  M. P. 
M. (1984). Effects of PTH fragments on ornithine decarboxylase activity and lactate 
production in isolated osteoblasts. In Endocrine Control o f  Bone and Calcium Metabolism , 
vol. 8B (ed. D. V .  Cohn, J. T. Potts & T. Fujita), pp. 248-256. Amsterdam, New York, 
Oxford: Exerpta Medica.
L u s t ,  W .  P . ,  E r n e s t i n e ,  D . ,  D e a t o n ,  A. V. & P a r s o n n e a u ,  J. V. (1976). A modified cyclic 
AMP binding assay. Analyt. Biochem. 72. 8-12.
w 9
M a c D o n a l d ,  B. R. (1986). Parathyroid hormone, prostaglandins and bone resorption. Wld. 
Rev. Natr. Diet. 47, 163-166.
M i l e t ,  C . ,  H i l l y a r d .  C. J., M a r t e l l y ,  E., C h a r t i e r ,  M .  M . ,  G i r c . i s ,  S., M c I n t y r e ,  I. & 
L o p e z .  E. (1982). A parathyroid-like hormone from eel corpuscles of Stannius which exhibits
Actions o f hypocalcin 175
hvpocalcaemic action. In Comparative Endocrinology o f  Calcium Regulation (ed. C. Oguro & 
P. K. T. Pang), pp. 181-185. Tokyo, Japan: Scientific Society Press.
M i l e t ,  C., H i l l y a r d ,  C. J.,  M a r t e l l y ,  E., G i r g i s ,  S., M a c I n t y r e ,  I .  &  L o p e z ,  E. (1980). 
Similitudes structurales entre Fhormone hypocalcemiante des corpuscules de Stannius (PCS) 
de Fanguille (Anguilla anguilla L . )  et Fhormone parathvroidienne mammalienne. C.R. hebd. 
Seanc. Acad. Sci. Paris 291. 977-980.
M o r r i s s e y ,  J. H .  (1981). Silverstain for proteins in polyacrylamide gels: a modified procedure 
with enhanced uniform sensitivity. Analyt. Biochem. 117, 307-310.
M u n d y ,  G .  R., I b b o t s o n ,  K. J.,  D ’S o u z a ,  S .  M . ,  S i m p s o n ,  E. L., J a c o b s ,  J. W. & M a r t i n ,  T. J.
(1984). The hypercalcemia of calcium: clinical implications and pathogenic mechanisms. New 
Engl. J. Med. 310, 1718-1722.
P a n g ,  P .  K. T., P a n g ,  R. K. & S a w y e r ,  H. (1974). Effects of environmental calcium and 
replacement therapy on the killifish (Fundulus heteroclitus) in bioassays for the hvpocalcaemic 
response to Stannius corpuscles from killifish and cod (Gadus morhua). Endocrinology 94,
548-555.
P e r r y ,  H .  M., S k o g e n ,  W . ,  C h a p p e l ,  J. C . ,  W i l n e r ,  G. D., K a h n ,  A. J. & T e i t e l b a u m ,  S.  L. 
(1987). Conditioned medium from osteoblast-like cells mediate parathyroid hormone induced 
bone resorption. Calcif. Tissue. Int. 40, 298-300.
R a s m u s s e n ,  IT. &. B a r r e t ,  P. Q. (1984). Calcium messenger systems: An integrated view. 
Physiol. Rev. 64, 938-976.
m
R a s m u s s e n ,  H. & T e n e n h o u s e ,  A. (1968). Cyclic adenosine monophosphate, Ca2+ and 
membranes. Proc. natn. Acad. Sci. U.S.A. 59, 1364-1367.
R o d a n ,  G .  A. & M a r t i n ,  T. J. (1981). Role of osteoblasts in hormonal control of bone 
resorption -  A hypothesis. Calcif. Tiss. Int. 33, 349-351.
W a g n e r ,  G .  F., H a m p o n g ,  M., P a r k ,  C .  M. & C o p p ,  D. H .  (1986). Purification, 
characterisation, and bioassay of teleocalcin. a glycoprotein from salmon corpuscles of 
Stannius. Gen. comp. Endocr. 63.481-491.
W e n d e l a a r  B o n g a ,  S. E. &. P a n g ,  P .  K. T. (1986). Stannius corpuscles. In Vertebrate 
Endocrinology, Fundamentals and Biomedical Implications, vol. 1 (ed. P.  K. T. Pang & M. P.  
Schreibman), pp. 439-464. New York: Academic Press.
W e n d e l a a r  B o n g a ,  S. E., P a n g ,  P .  K. T. & P a n g ,  R. K. (1986). Hypocalcaemic effects of 
bovine parathyroid hormone( 1-34) and Stannius corpuscle homogenates in teleost fish 
adapted to low-calcium water. J. exp. Zool. 240. 363-367.
